Classification of the painting style of painting by a computer is required. The painting style of painting is characterized by such as colors, brushstroke and texture of the painting. When we classify the huge data of the painting, we should recognize the painting style of painting by using an image recognition method. In this study, we discuss a new approach to achieve the objective classification and identification of the painting style of paintings using the image recognition approach. "Bag of Visual-words" was used in this work. That has been widely used in the field of image recognition. At the learning of the feature, Support Vector Machine (SVM) was used as the machine learning method. In the experiment, accuracy of the classification attains 72%.
Introduction
Recently, it has been required to record the many traditionally important painting as digital data in order to keep quality of culture. Computer aided classification of painting style of painting has been expected to be developed and many researchers have reported some methods. In this study, we have focused on classifying a Cubist painting and other painting, such as Realism painting, because many artificial patterns, such as triangle, are included in the Cubist painting. An example of Cubist painting is shown in Fig.1 . A new approach to classification and identification of the painting style of paintings has been examined by means of the image recognition. "Bag of Visual-words", which has been widely used in the field of image recognition, was applied to the pattern recognition of paint style of painting in this work. At the learning of the feature for the painting, Support Vector Machine (SVM) (4) (5) (6) (7) was used as the machine learning method.
Method

Bag of Visual-words and SIFT
We utilized Scale-invariant feature transform (SIFT) (2, 8, 10, 11) as a computer algorithm in order to detect and describe local features in images of painting vision data. Bag of Visual-words（BoVW）was applied to basic image system. (1) (2) (3) Fig.2 shows an overview of the recognition process with BoVW. Interesting points on the object of painting image data can be extracted to provide a histogram that represents the frequent degree of pattern in the object of painting. This histogram, extracted from a training image, can be utilized to identify the object of painting when attempting to locate the object in a test image. 
Local feature
SIFT feature is a local feature quantity described by the intensity gradient of the image. SIFT is a local feature descriptor invariant to rotation and intensity change. As shown in Figure 3 , the SIFT to select the point on the image as a key point, and to select a rectangular region of a particular size centered on the key points. Then, selected rectangular region divided into 16 small rectangular region. 
Gradient strength m (x, y) of the key points surrounding region and the gradient direction θ (x, y) was used to Keypoint calculate a weighted orientation histogram of the gradient strength h.
Where θ is a quantized histogram from all directions to 36 directions. w(x, y) is the weight of the pixel (x, y) in the local region. w(x, y) is calculated from Gaussian window G(x, y, σ) and the gradient strength m(x, y). The scale of G(x,y,σ) is equivalent to the size of the key points around region.
[ , ] is the delta function of Kronecker. When the gradient direction ( , ) is included in the direction ′ that has been quantized, the function [ , ] returns 1. Assign a peak, which is at least 80% from the maximum value of 36 direction histograms, in the key point of orientation. By weighting using a Gaussian window, gradient strength in which the pixel close to the key point has to act strongly against the determination of the orientation. SIFT feature is described based on the detected orientation.
Creating a Visual-Words dictionary
A Visual-Words dictionary was created by accumulation of the local features obtained from the local image patterns that frequent in the image of painting by using a large number of the general image of painting. In our work, the local image patterns were extracted with the dense SIFT (2, 8, 9) from a number of painting images randomly selected. Visual cluster centers were accumulated as an element of the Visual-Words dictionary, which obtained by performing clustering using the k-means algorithm based on the total feature value.
Histograms of painting style
Histograms of the local feature quantities for painting style of a certain painting were obtained from the local feature quantities calculated from the local image patterns with the dense SIFT using the created Visual-Words dictionary.
Classification with Support Vector Machine
Classification of the certain painting was done with Support Vector Machine (SVM) using the histogram of the local feature quantities for painting style of the painting. The SVM is a supervised learning model used in machine learning with associated learning algorithms that analyze data and recognize pattern. It provides the classification of images using histograms of the local feature quantities.
Cross-validation of classification
Cross-validation of classification for the painting style was carried out. 18 Cubist paintings, 11 Art Nouveau paintings, and 13 paintings of expressionism school were used as image data
Experimental Results and discussions
The purpose of this study was classification of the painting style of painting. We compared the histogram as the image feature and then we evaluated the painting style classification accuracy of the proposed method. In section 3.1, we will explain about the visual comparison of the histogram as the image feature. In section 3.2, we show the results of the proposed method, and then discuss the results.
Visual comparison of the histograms as the image feature
In this chapter, we will consider whether the histogram of the image, which is a feature of BoVW is different from how each painting style.We obtained many histograms for Fig. 4(a) and Fig. 4(b) , the 32nd Visual-Word has been frequent in the Cubist image. As shown in Fig. 5 , the 32nd Visual-word is a linear pattern that represents the characteristics of the cubist painting. From the above, the histogram clearly shows the characteristics of each style of painting.
SVM Classification result
As shown in Table 1 , we have collected 42 painting images a dataset for 2-fold cross validation. The width of all images resized to 200 pixels. We have set the key point in the 1 pixel spacing, and we use three scales (32, 45 and 64 pixels). And we have created 10, 100 and 500 Visual-Words dictionary using the k-means. We have 2-fold cross validation for each Visual-Word dictionary in the SVM using the RBF kernel. Fig. 6 shows accuracy of classification by size of Visual-Word. As shown in Fig. 6 , when the size of the visual-words is 50, classification accuracy is 70%. While when the size of the word is more than 100, classification accuracy is 75%. This result indicate that the proposed method achieve sufficient classification performance.
Conclusions
In this paper we proposed a new approach to achieve the objective classification and identification of the painting style of paintings using the image recognition approach. We used "Bag-of-visual-words" as the feature of painting style, and used SVM for classification. We have verified that the accuracy rate of the proposed method is more than 70%. 
